Introduction
Recently, nanometer sized materials with their unique as well as interesting biophysical and biochemical properties have enticed a major transact of benefit in the scientific society. A reduction in the dimensions of material in the nanoscale range considerably changed the properties of materials. Scientists have expended a lot of research effort in characterizing and describing both the physical behaviour and chemical effect of semiconductor nanomaterial due to the exceptional promise in a wide range of technological applications [1] - [4] (Ueda et al. 2004 ). After discovering the Zinc sulfide (ZnS) as one of the initial semiconductors, shows marked substantial properties, versatility and is highly promising for novel different applications due to the existence of a large number of surface atoms and the three dimensional confinement of electrons [5] . Their outstanding potential applications derived from their properties like nonlinear optical with a luminescence that are controlled by quantum size influence as well as other significant physical and chemical properties [6] . Potential applications include lightemitting diodes, solar cells, optoelectronic devices, photocatalysis, luminescent nanocomposites, environmental and biological sensors [7] - [10] . It has been previously established that the direct bandgap II-VI semiconductor like ZnS as well as Zinc blende and Wurtzite crystal structure, which their band gap energies at room temperature equal to 3.68 and 3.80 eV respectively [11] .
In such work, it has reported that a novel one-step solid state reaction process which controls the volume of the structured nanoparticles and its influence on antimicrobial properties. The concentration of nanoparticles added to the growth medium directly affects its bactericidal property due to the maximal retention time which was provided the bacterium nanoparticles interaction. Bacterial cells are generally in the micron-size scope with extreme of them possessing cellular membranes that include pores in the nanoscale scope. Synthesizing nanoparticles through such bacterial pores results in the singular feature of passing the cell membrane. In order to achieve this, however, it is imperative to come up with revolutionary ways of preparing and designing nanoparticles enabling them to be stabilized sufficiently to significantly limit bacterial growth while passing the cell membrane.
Experimental Part

Materials and Methods
It has been prepared nanoparticles of the ZnS:Mn 2+ by the chemical co-precipitation process, as shown. Firstly, 50 ml deionized water used to dissolve Zn(Ac) 2 with 5 mM concentrations and to obtain complete dissolution, the obtained molar solution was stirred for 20 minutes at 100˚C. Afterwards, 0.5 mM from MnCl 2 has been added to the mentioned solution. The addition of 6 mM from thioacetamide (TAA) to the solution was drop by drop to be the sulfur source. After that, 5 ml quantity of Thioglycolic Acid (TGA) (0.2 M) has been added during the reaction for the purpose of controlling the particle size of ZnS:Mn
2+
. The product solution was stirred incessantly for 2 hours. In the last stage, filtering and washing many times by distilled water and ethanol have been done to the white acquired precipitate to eject organic capping and different byproducts created during the reaction process. Finally, an oven at 60˚C used to dry the product for 5 hours. After adequate drying, a mortar and pestle were used to crush the precipitate to a fine powder.
Characterization of ZnS:Mn 2+ Nanoparticles
X-ray diffraction has used to characterization the Synthesized ZnS:Mn 2+ nanoparticles and to determine the crystallinity, structure, and crystallite size. This has been done by a Shimadzu X-ray diffractometer with Cu-Kα radiations (λ = 0.15406 nm) in the 2θ range from 20˚ to 60˚, Fourier-transform infrared spectroscopy (FTIR) spectra recorded in the solid case using the KBr pellets mechanism in the extent of 4000 -400 cm −1 . The size of the nanoparticles was exhibited by Scanning electron microscopy (SEM).
The Well-Diffusion Process to Determine the Activity of Antimicrobial
Different concentrations of the ZnS:Mn 2+ nanoparticles were used to determine the antimicrobial activities by using Gram-negative bacteria (E. coli) as well as Gram-positive bacteria (B. subtillis) following a well diffusion process adjustment of the disc diffusion process. Briefly, the bacteria were cultured in Müller-Hinton broth at the 37˚C incubator [12] . Bacterial culture was prepared by spreading 100 μL culture broth, possessing 10 CFU/mL compared with every test organism on solid nutrient agar plates in McFarland tube. Allowing for culture absorption has done by allowing the plates to stand for 10 minutes to quarter an hour. The 8 mm volume wells were punched inside the agar with the head of sterilized micropipette tipsor cork borer. To prevent leakage from the bottom of the plate, Wells were sealed through a singular drop of molten agar (0.8% nutrient agar). Decant of 100 μL of the nanoparticles solution sample into four wells on all plates by use a micropipette. The diameter of inhibition regions was measured, after nursery at 37˚C for one day, a blank (solvent without ZnS:Mn 2+ nanoparticles) which run as a passive control. Figure 1 shows the XRD pattern of the synthesized ZnS:Mn 2+ shows that there are no additional peaks of impurity could be discovered where three broad peaks are observed in the diffractrogram at around 28.84˚, 48.04˚, 56.86˚ corresponding to (111), (220) and (311) planes of cubic ZnS respectively. These broad peaks in the XRD confirm the presence of nanosized particles. No peaks of impurity phases were detected.
Results
Structural Analysis
XRD for ZnS:Mn 2+ NPs
The average crystallite size was calculated using the Debye-Scherrer formula D = Kλ/βcosθ, where D is the crystallite size, K is the geometric factor (0.9), λ is the X-ray wave length (1.54 Å), β is the full width at half maxima (FWHM) of the diffraction peak (in radian) and θ is the diffraction angle. The calculated crystallite sizeof the prominent (111) plane is found to be 4.49 nm. The FWHM of the XRD peaks may also contain contributions from the lattice strain [13] . Thus, the average strain of the ZnS nanoparticles was determined using Stokes-Wilson equation [14] (ε str = βcotθ/4) where β and θ are the FWHM and the diffraction angle respectively. The rate of defects in the sample which denoted to the dislocation density (δ) can be calculated using the formu-
where D is dented to the average crystalline size [15] . The d-spacing is calculated using the relation (d hkl = nλ/2sinθ) [16] . From the Nelson-Riley plot which is represented the graph of the measured values of the lattice parameter for various planes against the error function can estimate the lattice constant as shown by [17] : Table 1 shows the structural parameters. Figure 3 illustrates the SEM image of the ZnS:Mn 2+ NPs powder which clearly shows the size of particles to be less than 100 nm. As expected, the prepared nanoparticles were found to be in cluster form. The surface morphology of the ZnS:Mn 2+ NPs is spherical in shape. In some places, various sizes of the particles are observed, meaning that the nano-sized particles are randomly distributed. 
SEM Analysis
FT-IR Analysis
The FTIR spectra of ZnS:Mn 2+ nanoparticles stabilized by TGA is shown in Figure 4 . The purpose of the FTIR study is to identify the capping of the particles by TGA. The IR spectrum showed that the stretching bending corresponding to C-O around 1350 -1450 cm −1 and the C-C linkages around 1000 -1200 cm −1 for the prepared sample. This pointed that the ZnS nanoparticles could be capped with the TGA molecules. A powerful absorption band at 1600 cm −1 is attributed to S-O bending vibrations and 3000 -3500 cm −1 band corresponds to the O-H stretching vibrations. Another peak is found at 450 cm −1 of the characteristic of Zn-S vibrations. We can therefore infer that ZnS:Mn 2+ nanoparticles are encapsulated by TGA. These assignments are in acceptance with the results obtainable in the literature [18] . 2+ nanoparticles showed that the greatest zone of restraint in the status of B. subtilis, which was around 50% greater than the zone of inhibition found for E. coli. It was also observed that the zone of inhibition increases with ZnS:Mn 2+ concentration and this is an agreement with the result of Wang et al. [19] , (see Table  2 ). Table 2 , clearly shows that ZnS:Mn 2+ nanoparticles were more effective on B. subtilis than E. coli. Furthermore, the greater sensitivity of Gram positive organisms by ZnS:Mn 2+ was confirmed by this test. Clearly, from Table 2 that nanoparticles showed maximal antimicrobial activity against B. The alteration in the sensitivity or resistance to both Gram-positive as well as negative bacteria populations probably as a result of the variations in [20] . Bacteria such as E. coli possesses a particular cell membrane synthesis, which have a significant ability to resist antimicrobial agents [21] . In addition, other parameters like nanoparticle diffusion rates probably, also influence bacterial strain variously.
Antimicrobial Properties
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Action of ZnS:Mn 2+ NPs Combined with Antibiotics by Well Diffusion
The search for antimicrobials has now been expanded to a category of compounds familiar as "non-antibiotics" due to the issue of drug resistance among bacterial pathogens which are employed for the treatment of non-infectious pathology and which demonstrate significant antimicrobial activity against some of the most pathogenic infectious agents [22] [23] . Our present study indicates the potential of antibiotic (Cephlaxene) as a noteworthy antimicrobial agent since it has shown a significant inhibitory effect against pathogenic bacteria. Furthermore, the antimicrobial efficiency of antibiotics was enhanced when tested in combination with ZnS:Mn 2+ nanoparticles as revealed by the study of the determination of synergism.
Since these results reveal that the combination of ZnS:Mn 2+ nanoparticles and antibiotics possess potent antibacterial action, extra efforts are in progress to search the potential of their implementation in routine treatment against contagions of animals as shown in Figure 6 .
Antibiotics being inhibitory for both Gram positive and negative bacteria were tested combinedly with ZnS:Mn 2+ nanoparticles by well diffusion assay in the same plate. Singly 730 μg Cephlaxene produced 42 mm wide zone of inihibition against B. subtilis while the same against E. coli was 22 mm wide. In combination with 200 μg ZnS:Mn 2+ the diameter became 45 mm for B. subtilis and 27 mm for E. coli strains ( Table 3) .
Discussion
A few studies have been accomplished to explain the mechanism of bactericidal activity of nanoparticles. For example, Tsao et al. [24] investigated the exposure of Gram-positive bacteria to carboxy fullerene nanoparticles, which resulted in the puncturing of the bacteria resulting in a cell death. The alteration of membrane lipid components is another way in which the membrane can be compromised [25] . However, it is still deemed difficult to distinguish between the bactericidal activity of nanoparticles from the ions released by the nanoparticles [26] . The continuous release of ions into the nutrient media is guaranteed by the presence of nanoparticles in suspension [27] . Previous studies have established a few mechanisms of nanoparticle toxicity such as the protein denaturation and cell death. This is caused by copper ions released by the nanoparticles attaching to the negatively charged bacterial cell wall and rupturing it. Cross-linking within and between the nucleic acid strands results in the disorganization of the helical structure when the copper ions in the bacterial cells bind to the deoxyribonucleic acid molecules. It has also been established that damage to important biochemical processes can be caused by copper ion uptake by the bacterial cells [28] . Stabilizers like surfactants (in this case, thioglycolic acid) was a critical function in stabilizing nanoparticles and discomfit agglomeration to control particlesize, protective agent as surfactant was added through the procedure of nanoparticles forming, the surfactant takes shape a layer of molecular membrane surround the nanoparticles that equips steric hindrance between nanoparticles. Surfactants play a pivotal role in attacking the charged macromolecules found in the cell wall of bacteria. For the control and prevention of bacterial infection, the cell wall of pathogenic bacteria is the main target because it is composed of surface proteins for adhesion and colonization. Also for components like polysaccharides, as well as teichoic acid, these macromolecules protect bacteria from host defense also environmental conditions. For example, the long chains polycations surfactant that coat the nanoparticles have ability to kill both gram positive and gram negative bacteria. Membrane disorganization which increases the membrane permeability results in the accumulation of nanoparticles in the bacterial membrane and cytoplasm regions of the cells that could explain the antibacterial activity [29] . When the particle size is small, the zone of inhibition is maximized. Consequently, these results pretend the excellent antimicrobial behaviour of nanoparticles. Hence, interactions between the negative charges of microorganisms and the positive charge of nanoparticles produce an electromagnetic attraction between the microbe and effective levels of active nanoparticles, this led to their death by oxidation of surface molecules of microbes. The exposure of Gram-positive bacteria to silver as well as copper nanoparticles led to the biodestructive effects like degradation of deoxyribonucleic acid as reported by other researchers [30] , and is also accepted with current research findings.
Conclusion
According to the immediate progress of nanotechnology, different semiconductor nanoparticles have shown promise as powerful antimicrobial agents against microorganisms. In this current study, we present non toxic nanomaterials, which prepared by using a simple and effective method and showed considerable promise as antibacterial agents. Therefore, this present investigation is useful in respect of authenticating the nanoparticles to be a potential antibacterial agent. In addition that, this study is quite introductory, it supplies helpful insights to the evolution of novel antibacterial agents. Meanwhile, we are working on giving more detailed experimental evidences to explain the mechanism of antibacterial influence of ZnS:Mn 2+ NPs.
